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論 文 要 旨 
 
Background seismicity plays an important role on earthquake hazard estimation. The scientific 
background of earthquake hazard estimation is to realize earthquake scenarios with knowing physical knowledge, 
and one of the approaches to understand earthquake scenarios is to study the seismicity. Seismicity based on the 
mechanism of the occurrence could be separated into background seismicity and triggered seismicity. 
Background seismicity, also referring as tectonic seismicity, is described as the earthquakes who are independent 
of each other, the term independent indicates that the occurrence of the earthquakes are not associated with the 
stress perturbation of the previous earthquake but related to the elastic strain accumulation by the tectonic 
loading and as a product by releasing the energy through the slip on a fault. It could be seen as a homogenous 
condition on a large scale of areas. On the other hand, triggered seismicity indicates the occurrence of 
earthquakes is related to a previous large earthquake (mainshock). These triggered earthquakes are often referred 
to as aftershocks. A sudden stress perturbation imparted by a mainshock caused the occurrence of the aftershocks. 
There is another special case of earthquake cluster called earthquake swarm, which is also an earthquake cluster, 
but their occurrence is mainly driven by the aseismic slip or fluid migration around the volcanic area. It is 
important to distinguish those groups, the variety of applications such as seismic hazard assessment or 
earthquake prediction and seismicity rate change estimation.  
Previous research for separating the triggered seismicity with the background seismicity all have 
success on modeling the mainshock-aftershock sequence but face a difficulty on separating swarm sequence. The 
reason is because the seismicity of swarm sequence is usually against the aftershock decay law, and it has the 
variation in seismicity rate, earthquake productivity, magnitude, and the duration. Because the inconsistence of 
properties in the swarm sequence, it makes a huge difficulty to separate those event by a uniform empire law. 
Recently, researches using mean seismicity rate as a primary parameter to detect enhanced seismicity rate 
sequences successfully identified earthquake clusters in the swarm dominate region. Using seismicity rate to 
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divide earthquake catalog into several enhanced seismicity rate sequences allows more independently on the 
sequence selection. However, the choice of parameters for combining sequences plays an important rule on their 
results. 
In this study, I present a new catalog-based algorithm to identify background seismicity and 
spatiotemporal clusters for cases characterized by both mainshock-aftershock sequence and swarm activity. To 
select the spatio-temporal clusters, the algorithm first searches spatial clusters by considering the spatial 
distribution with time in a 2-D cell-gridded map. Second, the algorithm identifies temporal sequences from a 
spatial cluster by comparing inter-event time with a temporal threshold. A self-driven time-dependent parameter 
is also presented based on the observation of earthquake inter-event time. The advantage of this algorithm is that 
only two parameters are required for near-complete earthquake declustering. A filtering process is designed to 
find the proper parameter combination to maximize the number of declustered earthquakes. Several tests are 
presented with JMA catalog recorded from 1998 through 2016 in and around Japanese Island. The results 
indicate that this algorithm is capable of selecting spatiotemporal clusters with regards to the tectonic 
environment. For deeper subduction-related earthquakes, we have further developed the 2D cell grid to 3D cubic 
grid system to adopt our approach to a wide range of seismicity. Finally, we compare our declustered catalogs 
with ones computed from several other declustering algorithms and suggest that this new algorithm would be 
competitive with other declustering/clustering techniques.  
By extracting spatiotemporal earthquake clusters from an input catalog properly, background rate of 
seismicity could be used as a stress indicator, and change in background seismicity may suggest stress 
perturbation is occurring. In our declustered catalogs, we found that background seismicity rate increase in 
several areas in Honshu Island after the M=9.0 2011 Tohoku-oki earthquake. Further studies may prove that 
fluctuation of true background rate of seismicity might be one of the key factors to evaluate time-dependent 
earthquake hazard. 
別 紙 
 
論文審査の結果の要旨 
 
 
 
論文タイトル「空間密度と発生間隔解析に基づく新たな地震群抽出アルゴリズム」  
 
大地震前には，地震活動の静穏化や活発化が多数観測されている．しかし，それらを定量化し信
頼性を高めるには，ローカルな余震，群発地震などのクラスターを除去する必要がある．  
本論文は，空間をセルに分割するパラメータと時間窓を仮定するパラメータのわずか２つを設定
するだけで，自己駆動的に時系列を区切り，地震群を検出することで，徐群（デクラスタリン
グ）を行うというアルゴリズムを提案した．  
地震学で普及している ETAS モデルは本震-余震型のクラスター検出には長けているが，群発地震
活動に弱くパラメータ数が多いという側面があったが，本手法はそれらを見事に克服した．多様
な地震発生場である日本列島の多数の地域にこの手法を用いたところ，ほぼポアソンプロセスに
従いつつ，除群された背景地震数が最大となる結果が得られた．  
余震活動継続中のリアルタイムでの適用や除群過多を避けるためのスクリーニングにおいて課題
が残るものの，性能は他のアルゴリズムと同等以上であることが確かめられ，地震活動の時空間
変化を検知し，大地震に伴う地殻活動をモニタリングできる可能性を示した．今後の発展が見込
まれる優れた研究である．自立して研究活動を行うに必要な高度の研究能力と学識を有すること
を示している．したがって，Peng Wei 君提出の博士論文は，博士（理学）の学位論文として合格
と認める．  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
